Influence of various cytostatic agents on intracellular ATP concentrations of malignant cell lines was studied. The HL-60 promyelocytic cell line, the SW-480 cell line, derived from an adenocarcinoma of the colon and the SW-620 cell line, derived from a lymphonodal metastasis of the colon carcinoma, were investigated. Cell lines were incubated with cytostatie agents and changes in intracellular ATP concentrations were measured after variptis incubation times by means of bioluminescence.
Introduction
Analysis of the intracellular concentration öf highenergy phosphates can be used to measure the energy Status of cells. Since cells maintain their ATP concentration nearly constant under physiological conditions, metabolic disturbances, e. g. by toxic agents, will result in a rapid decrease of the total amount of ATP (l, 2). Furthermore, cell death is accompanied by a rapid and complete loss of ATP (3, 4) . It should therefore be possible to investigate the influence of cytostatic agents on cancer cell metabolism by measuring the ATP concentrations in malignant cells. This might be important for pretherapeutic testing of cytostatic agents in cancer patients. In recent years several methods including dye exclusion tests (5), isotopic incorporation tests using labeled thymidine (6) and colony forming tests (7) have been applied in pretherapeutic drug sensitivity testing.
In the present study changes in the ATP content of the SW-480 and SW-620 adenocarcinoma cell line and of HL-60 promyelocytic cells, exposed to various cytostatic agents, were measured. Intracellular ATP concentrations were determined using firefly bioluminescence. Dose-response curves were derived for various cytostatic agents. Intracellular ATP content and dye exclusion tests using trypan blue and eosin for determination of drug induced cytotoxicity were compared.
Materials and Methods

Cell lines
HL-60 are a unique human cell line that was developed from peripheral blood leukocytes of a patient with acute promyelocytic leukaemia by Collins et al. (8) . The cultured cells display distinct morphological and histochemical myeloid characteristics. SW-480 was isolated from a primary adenocarcinoma arising in the colon, whereas SW-620 was isolated from a lymph node when the cancer recufred with wide spread metastasis. Both cell lines were derived from the same patient (9).
All in vitro experiments with HL-60 cells were carried out in medium RPMI1640 (RPMI1640 with 2.0 g/l sodium bicarbonate without glutamine, Flpw Laboratories, Irvine, U. K.) containing 0.002 mol/1 glutamine, 100 ml/1 foetal calf serum and 0.1 g/l geiitamycin.
Colon tumour cell lines were cultivated in Leibovitz L 15 medium supplemented with 100 ml/l foetal calf serum, 10 g/l insulin and 10 mg/1 cortisol.
Cytotoxicity testing
Prior to incubations with chemotherapeutic agents cells were harvested and resuspended in medium to yield a cell count of 0.1 10 9 /1· Sterile plastic or siliconized glass wäre was used in all procedures. The cell suspensions were distributed int o test tubes, and cytostatic agents were dissolved in medium and added to the cell suspensions to give a final drug concentration shown in table 1. Drug concentrations were the same äs used in clinical protocols, but calculated äs if they would distribute only in the extracellular fluid. From the test tubes the cell suspensions were distributed into micro titer plates, and the drugs remained for the entire culture period in the test plates.
To study dose-response relationships cytostatic agents were diluted up to l : 50 (maximal concentrations are shown in tab. 1) in culture medium and added to the cell suspensions.
Treated cells and cytostatic-free control incubations were held under tissue culturing conditions (5% CÖ 2 atmosphere humidified incubator at 37 °C). Intracellular ATP was determined in the specimens and in drug-free control incubations after various culture periods. Bach value represents the mean of a triple determination.
ATP determination
Intracellular ATP concentrations in HL-60 and colon carcin'oma cell lines were determined by the firefly bioluminescence method. To liberale ATP froin the cells, the nonionic detergent, ethoxy alkylphenol (NRS®, Lumac, Basel, Switzerland), was used. Cell suspensions were diluted l : 5 in 0.02 mol/1 tris buffer pH 7.75 containing 2mmol/l EDTA, and 100 NRS® was added to 25 of the diluted cell Suspension. The reaction was started by addition of 100 of a luciferin-lüciierase Suspension (Lumit® PM, Lümac, Basel, Switzerland). The number of photons released subsequently by the luciferin-luciferase reaction , with ATP was meäsured using the "Bipcounter TM-M-200" from Lumac (Lumac, Basel, Switzerland). The digitally displayed integrated relative light units were recorded and the ATP concentration was obtained üsing an internal standardization technique. Daily determination of the ATP Standard (500 fmol per test) showed a CV of 5.4%. For the precision of ATP determinations in cell extracts a CV (within a run) of 3% was calculated.
Dye exclusion tests
Pye exclusion tests using trypän blue (10) and eosin (11) were performed to estimate cell death following exposure to cytotoxic drugs. Cell suspensions were examined under a bright field microscope, 100 cells were counted for each experimental value recorded. Viable cells were identified by their ability to exclude dye, nonviable cells were stained by the dye.
Results
To evaluäte the sensitivity and linearity of the ATP determination, cell suspensions were diluted down to 156 cells per test, using 0.02 mol/1 tris buffer pH 7. 
Discussion
Vario s test Systems have been designed tp detect drug-induced cytptpxicity in malignant cells in vitro.
A classic method for testing the loss of reproducibility of cancer cells is the colony-forming technique (7). However, agar cloning assays are time consuming and technical disadvantages limit their applicatioti in preclinical drug screening (12) .
Determination of drug-induced cytotoxicity was also performed using tibe dye exclusion assays; Durkin et al. (5) reported a good correlation between the in vivo responsiveness and the in vitro results using the trypan blue dye exclusion assay. Weisehthal et al. (13) compared a novel fast green dye exclusion method with a clonogenic assay. Both assays were in qualitative agreement for the drugs tested, but the Standard agar cloning assay gave somewhat higher estimates of cell kill than the dye exclusion method. The main drawback of dye exclusion assays is the impossibility of detecting the various degrees of morbidity which can occur in cells from the vital Status to cell death.
Application of firefly bioluminescence provides a rapid and sensitive method to determine intracellular ATP in cells. The method is sensitive enough to detect ATP concentrations up to l O" 18 mol ATP in a sample (14) . As the total amount of ATP in the samples was rather low, this method proved sufficiently sensitive and enabled rapid and precise determinations of ATP in only small amounts of cell material (e. g. 500 cells per test). In addition, the detennination is very rapid, results of one detennination being obtained within 10 seconds. However, the method requires an optimal single cell Suspension, but can also be applied to solid tumours if one succeeds in separating the cell associations.
Assessment of other high energy phosphates, such äs ADP, AMP and cAMP, is also possible by means of bioluminescence. Especially the adenylate energy Charge, which can be calculated from the ATP, ADP and AMP concentrations, indicates very accurately the metabolic state of the cells, but its detennination requires much more time. As the method used should enable rapid pretherapeutic screening of cytostatic drugs in cancer patients, we limited our efforts to the measurement of the most important component, ATP.
Incubation of HL-60 cells with cytostatic drugs used in clinical protocols for treatment of leukaemia patients led to a marked decrease in intracellular ATP concentrations. The decrease in intracellular ATP concentrations was much less pronounced after incubation with various cytostatic agents in SW-480 and SW-620 adenocarcinoma cells. No differences in the effect of cytostatics on intracellular ATP concentrations were observed between the cell line derived from the primary tumour (SW-480) and the cell line derived from the metastasis (SW-620). These results are in accordance with the clinical experience of the known resistance of colorectal carcinomas against most cytostatic agents.
A clear dose-^response relationship could be demonstrated for Various cytostatic agents.
Comparison of the bioluminescence assay and dye exclusion tests shöwed that comparable results were obtained with the bioluminescence assay and the eosin dye exclusion test, whereas cell death was underestimated by the tfypaii blüe dye exclusion test. Cell damage is indicated by a drop in intracellular ATP concentrations, which makes it possible to obtain a result between 6 and 25 hoürs earlier than by the trypan blüe dye exclusion test.
Determination of drug-induced cytotoxicity by the firefly bioluminescence assay might be used to detect resistance or sensitivity of leukaemic cells to cytostatic agents in vitro. Application of the test for solid tumours is possible, but an optimal single cell Suspension is required in this test System. Further work will be necessary to evaluate the in vitro results and the in vivo responsiveness in cancer patients. Studies on the application of the test System for pretherapeutic drug testing in acute leukaemia are in progress.
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